Background: Self-referential processing (i.e. linking internal and external stimuli to one's own self) has received scant attention thus far in schizophrenia. This type of processing is a key component of social cognition and thought to be important for adaptive social functioning. Memory studies in healthy subjects have shown that stimuli processed with reference to the self are better remembered than stimuli processed in other semantic forms. It is not known whether schizophrenia patients benefit from such a memory boost for self-referenced information. Methods: Twenty-five schizophrenia patients and 22 controls were assessed with a selfreferential recognition memory paradigm. During an encoding phase, participants rated personality adjectives in each of three conditions: (1) structural features (uppercase or lowercase letters?); (2) social desirability (is adjective socially desirable or not?); or (3) selfreferential (does adjective describe me or not?). Recognition memory for these personality adjectives was then tested during an unexpected yes-no recognition test. Results: Patients and controls were comparable in memory performance for the structural (p = 0.12) and social desirability (p = 0.30) conditions. In contrast, patients showed significantly reduced recognition sensitivity compared to controls for the self-referential condition (p = 0.03). Discussion: Compared to healthy controls, patients with schizophrenia did not benefit from a memory boost for self-referenced information. Such impaired self-referential memory may be associated with abnormal function of the medial prefrontal cortex. The inability to enhance memory for personally relevant information may partly explain poor social functioning in schizophrenia patients.
Introduction
Self-referential processing can be defined as the mental process of associating internal and external stimuli to one's self (Kelley et al., 2002; Northoff et al., 2006) . Objects and events analyzed in relation with the self usually gain privileged emotional and cognitive processing (Northoff et al., 2006) . This phenomenon is particularly well reflected in memory studies showing that stimuli (typically personality trait adjectives) processed with reference to the self generally are better remembered than stimuli processed in other semantic terms (Rogers et al., 1977; Symons and Johnson, 1997; Turk et al., 2008) . This is referred to as the selfreference memory (SRM) effect, which is thought to reflect deeper encoding of information related to a cognitively rich mental representation of the self-concept (Henderson et al., 2009; Symons and Johnson, 1997) .
In general, self-referential processing is thought to be crucial for adaptive functioning in the social environment.
Indeed, a clear understanding of one's own traits, abilities, and attitudes is needed for a person to evaluate his/her own role in a social context, and compare him/herself to others (van der Meer et al., 2010) . It has been suggested that the ability to understand emotional states in others requires selfreflection as a basis for the interpretation of their experience (Carruthers, 2009; Dimaggio et al., 2008) . As such, selfreferential processing is necessary both for relating, and making a distinction between, the self and others, and is considered to be a core component of social cognition (Baumeister, 1998) . The intrinsic relationship between social cognition and self-referential processing is supported by findings from functional magnetic resonance imaging (fMRI) studies. A network composed of cortical midline structures (i.e. medial prefrontal cortex (mPFC), anterior cingulate cortex, and precuneus) has been associated with judgments about one's own states and traits (Gusnard et al., 2001; Macrae et al., 2004; Northoff and Bermpohl, 2004; Ochsner et al., 2005 Ochsner et al., , 2004 van der Meer et al., 2010) , as well as how we use social cognition to understand other people (e.g., mentalizing about thoughts, intentions and feelings of others) (Brunet-Gouet and Decety, 2006; Iacoboni et al., 2004; Zaki et al., 2009 ). These midline structures also appear to be critical for linking self with others; for example, using the self as the basis for perceiving others (Mitchell, 2009 ) and thinking about the self from the perspective of others (Ochsner et al., 2005) .
There are only a few studies on self-referential processing in schizophrenia and research thus far has focused on the experience of agency and self-recognition. For instance, schizophrenia patients have a tendency to misidentify their own voices as alien (Allen et al., 2004) and difficulties in discriminating self-generated tactile sensations from those generated by others (Blakemore et al., 2000) , though they show normal visual self-recognition (Lee et al., 2007) . Another possible manifestation of impaired self-referential processing in schizophrenia may be disturbances in selfrelated memory processes. Although episodic memory impairment in schizophrenia is well documented (Aleman et al., 1999; Leavitt and Goldberg, 2009; Pelletier et al., 2005) , its relation with self-referential processing has received scant attention thus far. One study identified source memory deficits for self-generated information in schizophrenia, but used a source monitoring paradigm that did not directly assess the memory bias for self-referenced information (Fisher et al., 2008) .
Whereas healthy adults routinely show a memory boost for information processed in a self-referential manner, it is not known if schizophrenia patients do. Literature on emotional memory has shown that schizophrenia patients are usually impaired in the emotional enhancement of recognition memory (Hall et al., 2007; Herbener, 2008) . Given that the SRM effect consistently observed in healthy controls may be partly explained by increased emotional processing of selfreference information (Northoff et al., 2006) , one may predict that schizophrenia patients will not show such an effect. In this initial study, we investigated the SRM effect in outpatients with schizophrenia and healthy controls using an incidental memory task in which trait adjectives initially are encoded in terms of their structural features, social desirability, or relevance for self. We hypothesized that patients with schizophrenia would be comparable to controls in their memory for words encoded by structural features or social desirability; however, they would differ from controls by not showing a typical pattern of enhanced recognition for adjectives processed in reference to self.
Methods

Participants
Twenty-five patients with schizophrenia and twenty-two healthy controls were recruited from a larger NIMH study of early visual processing in schizophrenia. Schizophrenia patients were 18-60 years of age and recruited from outpatient clinics at the VA Greater Los Angeles Healthcare System (VAGLAHS) and through local board and care facilities. Patients were clinically stable, medicated, and received the Structural Clinical Interview for DSV-IV Axis I Disorders (SCID-I) (First et al., 1997) to confirm diagnosis of schizophrenia. Exclusion criteria for patients were: (1) substance abuse or dependence in the last 6 months, (2) mental retardation, (3) history of loss of consciousness N1 h, (4) identifiable neurological disorder, and (5) not sufficiently fluent in English to comprehend instructions. We assessed clinical symptoms using the expanded Brief Psychiatric Rating Scale (BPRS) (Ventura et al., 1993) and examined the BPRS total score, as well as BPRS mean subscores for positive symptoms (thinking disturbance factor), negative symptoms (withdrawal-retardation factor), and depression/anxiety (Ventura et al., 2000) .
Normal control participants were recruited through flyers posted in the local community, newspaper advertisements, and website postings. Exclusion criteria for control participants were: (1) history of schizophrenia or other psychotic disorder, bipolar disorder, recurrent depression, history of substance dependence, or any substance abuse in the last 6 months based on the SCID, (2) avoidant, paranoid, schizoid, or schizotypal personality disorders based on the SCID-II (First et al., 1996) , (3) schizophrenia or other psychotic disorder in a first-degree relative, (4) significant neurological disorder or head injury, and (5) not sufficiently fluent in English to comprehend instructions. Efforts were made to group match controls and patients based on sex, age, and parental education.
SCID and BPRS interviewers were thoroughly trained to a minimum kappa of 0.75 through the Treatment Unit of the Desert Pacific Mental Illness Research, Education, and Clinical Center, and participated in continuous quality assurance procedures. Participants were evaluated for the capacity to give informed consent and provided written informed consent after all procedures were fully explained, according to procedures approved by the institutional review boards at UCLA and VAGLAHS.
Procedure
Stimuli
We selected 156 different personality-trait adjectives from a validated list (Craik et al., 1999) . Six lists of 26 adjectives were constructed for the self-referential memory task. Within each of the 6 lists, half of the words were positive (i.e. high desirability) and half were negative (i.e. low desirability). The average number of letters and syllables per word was comparable between valences and across the six lists.
Self-referential memory task
The self-referential memory task consisted of two phases: encoding and recognition. The encoding phase included trials drawn from three separate conditions: structural, social desirability, and self-referential. In the structural processing condition, participants judged whether the letters of the word were presented in uppercase or lowercase. In the social desirability condition, participants judged whether the trait was socially desirable for other people in general. In the self-referential condition, participants judged whether each personality trait described them. In all conditions, participants responded with a two-alternative forced-choice button press (i.e. "uppercase" or "lowercase" for structural; "desirable" or "not desirable" for social desirability; and "me" or "not me" for self-referential condition). Trials were presented in an intermixed and randomized fashion; not in blocks of the same trial type. Participants were not explicitly asked to remember the word adjectives.
Four versions of the task were developed, using different combinations of words, and each subject received only one version. For each version, three lists of words (total of 78) were randomly assigned to the encoding phase (one list each for structural, social desirability, and self-referential conditions), and three lists were used as new words during recognition phase. Half of the word adjectives were presented in uppercase and half in lowercase; half were positive and half were negative valence.
During encoding, each trial consisted of a fixation crosshair displayed for 500 ms, followed by the condition instructions (i.e. "self", "social desirability", and "letter case") displayed for 2000 ms, followed by the target adjective for another 2000 ms. Instructions remained in the upper part of the screen during the presentation of the target adjective to reduce memory demands. After the trait adjective, subjects made their choice. Participants were encouraged to respond as soon as they knew the answer. When they made their response, another fixation point was presented for 500 ms. Both response and reaction times were recorded. The encoding phase was followed after a 15 min delay by an unexpected recognition task. Subjects were instructed to discriminate between 78 old and 78 new adjectives presented in a pseudorandom order. Each adjective was presented individually with a two-alternative forced-choice response (i.e. "old" or "new"). There was no time limit for the response. The task was generated using E-Prime software (Psychology Software Tools) and performed on a desktop PC computer.
Statistical analyses
For the encoding phase, mean response time was calculated for each task condition. For the structural condition, we calculated the letter case judgment accuracy (i.e. either lowercase or uppercase). For the social desirability condition, we calculated the desirability classification accuracy (i.e. either high or low social desirability) for each adjective relative to available norms (Craik et al., 1999) . Similarly, for the selfreferential condition, we calculated the mean proportion of self-attribution for positive and negative adjectives separately.
For the recognition phase, we first calculated the hit rate (i.e. proportion of old adjectives correctly recognized) for each condition and each valence separately, and we calculated a false alarm rate (i.e. proportion of new adjectives incorrectly identified as old adjectives) for each valence. Calculation of separate false alarm rates for each condition was not possible because new words did not belong to a condition. To obtain a quantitative measure of correct performance, we used d-prime (d'). This index of sensitivity is used in signal detection theory (Brophy, 1986) and is calculated based on hit rate and falsealarm rate, but is independent of response bias. A higher d' indicates that the signal can be more readily detected. We then used d' to calculate for each participant the magnitude of the SRM bias (d' self-referential minus d' social desirability).
Statistical tests were performed using SPSS version 18.0 for Windows. We compared demographic data between groups using Student t tests for independent samples, except for the sex variable, for which we used χ 2 . We performed a repeated measures analysis of variance (ANOVA) with group as a between-subject factor and encoding condition (structural, social desirability, and self-referential) as a within-subject factor, to compare patients and controls on response time. A Student t test for independent samples was used to compare groups for the letter case judgment accuracy (structural condition). Repeated measures ANOVAs with group as a between-subject factor and valence (positive or negative) as a within-subject factor were also conducted to compare groups for desirability classification accuracy and mean proportion of self-attribution. For the recognition phase, a 2 × 3 × 2 repeated measures ANOVA was performed with group as a betweensubject factor and encoding condition and valence as withinsubject factors to compare groups on sensitivity (d'). The mean magnitude of the SRM bias was compared between groups using a Student t test for independent samples.
Results
Table 1 provides demographic and clinical data for participants. The groups were well-matched for age, parental education and sex ratio. Patients were chronically ill with mild to moderate symptom levels. Table 2 shows the data for the encoding phase. Response time analysis showed a significant main effect of group (F 1,45 = 9.16, p = 0.004) and a significant main effect of condition (F 2,90 = 3.97, p = 0.02) but no significant group by condition interaction (F 2,90 = 0.49, p = 0.62). Patients were slower overall than controls to rate adjectives, and all participants were slower to classify the desirability of an adjective (social desirability) compared to identifying the case of letters (pairwise comparison, Bonferroni corrected: p = 0.005).
Encoding phase
For the structural condition, patients were less accurate than controls in identifying the case of letters (80% versus 94% for patients and controls, respectively, t = 2.58, df = 45, p = 0.01). Regarding desirability classification accuracy for the social desirability condition, the ANOVA revealed a significant main effect of group (F 1,45 = 9.21, p = 0.004), but neither a significant main effect of valence (F 1,45 = 1.16, p = 0.29) nor a group by valence interaction (F 1,45 = 0.73, p =0.40). Patients were less accurate than controls in classifying the adjectives as positive or negative, but accuracy was generally high (N80% in both groups).
Self attribution of adjectives for the self-referential condition showed a non-significant main effect of group (F 1,45 =1.09, p=0.30), but a significant main effect of valence (F 1,45 =148.80, p b 0.001) and a significant group by valence interaction (F 1,45 =12.13, p=0.001). Decomposing the interaction revealed that controls attributed a greater proportion of positive adjectives to themselves (90%) than did patients (72%) (pairwise comparison, Bonferroni corrected: pb 0.001). Additionally, there was a trend towards greater self attribution of negative adjectives in patients (35%) compared to controls (23%) (pairwise comparison, Bonferroni corrected: p=0.07).
Recognition phase
For sensitivity (d′), we found a significant main effect of condition (F 2,90 = 51.25, p b 0.001), a significant group by condition interaction (F 2,90 =8.61, pb 0.001), and a significant main effect of valence (F 1,45 =9.16, p=0.004). Other effects were not significant (p s varying from 0.27 to 0.79). As we hypothesized, patients had reduced recognition sensitivity compared to controls for the self-referential condition only (p=0.03). Indeed, patients and controls were not significantly different in their responses for the structural (p=0.12) and social desirability (p=0.30) conditions. The main effect of valence indicates that participants had better recognition for negative adjectives compared to positive ones (d′ negative = 1.26, SD=0.59; d′ positive=1.06, SD=0.55). Fig. 1A shows the recognition sensitivity by group and condition, collapsed across valence.
Recognition was quite poor for both groups for the structural condition, and patients showed non-significantly greater recognition than controls. To determine whether the results for the interaction were driven by the structural condition, we conducted an additional ANOVA (2× 2 × 2) on d′ using only the social desirability and self-referential conditions. The effects were essentially the same with a significant main effect of condition (F 1,45 =10.94, p =0.002), a significant group by condition interaction (F 1,45 = 6.30, p = 0.02), and a significant main effect of valence (F 1,45 =2.37, p = 0.01). Other effects were not significant (p s varying from 0.23 to 0.76). Finally, the analysis for SRM bias showed that controls (mean = 0.33) had a significantly greater memory boost for self-referenced information compared to patients (mean= 0.05) (t =2.19, df=45, p = 0.03). Fig. 1B illustrates the mean magnitude of SRM bias for each group.
Discussion
In this study we employed a version of the self-referential recognition memory paradigm to determine whether patients with schizophrenia benefit from a memory boost for personality adjectives encoded in a self-referential manner. Healthy controls demonstrated a typical memory boost for self-referential information. In contrast, patients failed to show enhanced recognition sensitivity for adjectives encoded with reference to the self as compared to those encoded with referenced to their general social desirability. Both groups, however, showed significantly greater recognition sensitivity for both self-referential and social desirability conditions compared to the structural condition. The latter observation is in accordance with enhanced depth of processing for semantic information (Craik and Tulving, 1975; Rogers et al., 1977) and suggests that schizophrenia patients did benefit from elaborative encoding, but only up to a point. They showed the expected benefits of enhanced processing in the social desirability condition, but this benefit did not extend to self-processing.
A recent study also explored self-related memory processes in schizophrenia, but in a different way (Fisher et al., 2008) . Using a source monitoring paradigm, Fisher et al. observed that (6) schizophrenia patients had more difficulty than controls in recognizing that they were the source of words generated during an earlier sentence completion task. Our results extend those of Fisher et al. by demonstrating that self-related memory deficits in schizophrenia are not limited to source monitoring, but also apply to retrieval of information processed in reference to the self. Why might patients with schizophrenia not show a memory boost for self-referenced adjectives? Early theories argued that the SRM effect was mainly explained by increased depth of processing for self-relevant information, within the same systems that underlie memory for other types of information (Klein and Loftus, 1988; Rogers et al., 1977) . It was suggested that the extensive knowledge that we have about ourselves simply favors more elaborative encoding of self-referenced information (Klein and Loftus, 1988) . However, there may be a distinct type of encoding that is conducted when we process information about ourselves. Recent behavioral and neuroimaging studies suggest that the concept of self relies on brain structures beyond classical memory systems, including the mPFC (Northoff et al., 2006; van der Meer et al., 2010) . In healthy subjects, activity of the mPFC during encoding of stimuli attributed to the self predicts subsequent memory performance (Kelley et al., 2002; Macrae et al., 2004) . Thus, impaired SRM in schizophrenia may be explained by an impairment in self processing that is subserved by abnormal neural functioning within the mPFC (Habel et al., 2010; Ongur et al., 2010; Park et al., 2008; Pomarol-Clotet et al., 2010) . Our main finding is also consistent with the emotional memory literature in schizophrenia. Past studies have demonstrated that schizophrenia patients do not show the same memory boost as controls for emotional stimuli compared to neutral stimuli (Hall et al., 2007; Herbener, 2008) . Because stimuli processed in reference to the self are likely more emotionally colored than those processed in other ways (Northoff et al., 2006) , one might wonder whether SRM is simply one aspect of emotional memory. Indeed, memory for emotional stimuli and self-referenced information both involve enhanced types of memory processing, and are both thought to involve enhanced long-term potentiation in hippocampus. However, while self-referential processing is mainly associated with cortical midline structures (Northoff and Bermpohl, 2004; van der Meer et al., 2010) , emotion processing might Fig. 1 . Part A depicts the memory sensitivity (d′) for each group (HC = healthy controls and SZP = schizophrenia patients) and each encoding condition (Structural, Social desirability, and Self-referential) . Part B shows the mean magnitude of SRM bias (d′ self-referential-d′ social desirability) for each group. The bars in both panels represent standard errors.
predominantly take place in subcortical and other cortical regions including the insula and amygdala (Damasio, 2003; LeDoux, 1996; Panksepp, 2003) .
One question is whether our main result can be explained by group differences in "event congruency" during encoding (Craik and Tulving, 1975; Staresina et al., 2009) . Event congruency refers to encoding events (or items) eliciting "yes" answers. Event congruency has been shown to promote more successful memory formation (i.e. than items eliciting a "no" response) through enhanced semantic elaboration and relational binding operations. As mentioned earlier, patients and controls did not differ significantly in their overall proportion of "yes" answers during the self-referential condition (53% versus 57% for patients and controls, respectively). We examined whether the groups differed in the effect of event congruency on word recognition with a post hoc 2 (group) × 2 (yes versus no answers) × 2 (valence) ANOVA on d' data for the self-referential condition. None of the interactions was significant. Hence even though patients endorsed fewer positive adjectives and somewhat more negative adjectives than controls during the self-referential condition, we did not find a memory benefit for event congruency (yes responses) across valence and across group.
The social desirability condition used in the current study required participants to evaluate the desirability of personality adjectives for other people in general. This type of semantic condition has also been used in some studies investigating the SRM effect in healthy controls (Craik et al., 1999; Ochsner et al., 2005) and depressed patients (Fossati et al., 2003) . Some other studies have employed a more specific other condition that required participants to indicate whether personality adjectives described a particular person, such as a U.S. President (Kelley et al., 2002) , Angelina Jolie (Turk et al., 2008) , or Harry Potter (Henderson et al., 2009) .
One limitation of the social desirability approach used in this study is that the impaired SRM observed in schizophrenia could reflect a more general difficulty in thinking about a particular person (in this case, themselves) as opposed to a specific selfreferential processing impairment. It is possible that healthy controls may have benefitted more than patients from deeper elaboration during the self condition, for reasons that are not necessarily linked to self-processing. One argument against this suggestion is that a desirability task is different from other semantic-encoding tasks (e.g. synonym judgment) in that it involves deeper processing, because it promotes both relational and item-specific processing (Symons and Johnson, 1997) . It should be noted that there are potential confounds with the use of a specific other condition with a schizophrenia population. For example, reference to a specific well-known person raises questions about potential group differences in level of familiarity with the named other person. In addition, the use of an intimate other (e.g. mother/father, wife/husband, and best friend) may partly eliminate the familiarity confound, but is also likely to engage self-referential processes (Ochsner et al., 2005; Symons and Johnson, 1997) , thereby complicating interpretation. Nevertheless, future SRM effect studies on schizophrenia should confirm the impaired SRM in patients by using a specific other condition that has been controlled for group differences in other person familiarity.
A potential confound is the patients' medication. All patients were taking antipsychotic medication at the time of testing, which may have affected their performances. However, the fact that we did not find an overall memory problem in patients, but rather a specific impairment for the self condition strongly argues against medication as an explanation for our main finding.
Social cognitive deficits are key features of schizophrenia (Bora et al., 2009; Green et al., 2008; Kohler et al., 2010; Marwick and Hall, 2008; Sprong et al., 2007) and important determinants of functional outcome (Couture et al., 2006) . These social cognitive deficits are distinct from, yet related to, non-social neurocognitive impairments (i.e. deficits in attention, memory, and executives functions) (Bell et al., 2009; Gard et al., 2009; Sergi et al., 2007) . Our study examined one aspect of social cognition and revealed a rather specific failure to show a memory boost for self-referenced information in schizophrenia. A reduced memory for personally relevant information may adversely impact social functioning in schizophrenia. This has been supported by recent findings of significant associations between SRM and social functioning in autistic patients (Henderson et al., 2009; Hobson et al., 2006; Mundy and Newell, 2007) . Although such an impact may be present in schizophrenia, community functioning was not assessed in this study. Other studies with longitudinal designs and larger samples can determine whether the reduced SRM is related to social functioning.
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